Additional information: Look for adult insects. Be aware that they may fly off quickly or drop to the ground. Before checking foliage, place an insect beating tray or an umbrella under the branches to catch fallen adults. For insect collection and preservation, see Chapter 3.
Needle gnawing
Description: Needles are irregularly gnawed. Only the epidermis is removed, but the needle is not cut or nibbled. Possible damaging agents: Insects: Adults of Coleoptera, especially Curculionidae and Chrysomelidae (Figs. 11.2.1-11.2.4). Additional information: Look for adult insects, in a similar way as described in section 11.1. For insect collection and preservation, see Chapter 3.
Rough needle eating
Description: Needles are eaten out, sharply and regularly cut at the base, middle or towards extremity. Possible damaging agents: Insects: Larvae of and ; adults of Coleoptera, especially Scarabaeidae (Fig. 11.3.4) . Additional information: Check twigs and branches without needles in order to find larvae and adults. For insect collection and preservation, see Chapter 3.
Needle curling
Description: Needles curled due to insect feeding. Often they are curved at the point of insertion of feeding sheaths. Possible damaging agents: Insects: Hemiptera, especially aphids (Aphididae: Fig. 11 .4.1), larvae of Lepidoptera (Fig. 11.4 .2), Adelgidae . Additional information: Search for groups of curled needles on the shoots, but also for tiny holes in, and cases on needles. For insect collection and preservation, see Chapter 3.
Needle galling
Description: Outgrowth of needle tissue or of the needle bud, each gall containing one or several larvae that feed on the internal tissue of the needle. Possible damaging agents: Insects: Diptera, especially Cecidomyiidae (Figs. 11.5.1 ̶ 11.5.4), Mites: particularly Eriophyiidae. 
Additional information:
In some cases, small galls could be confused with needle necrosis caused by fungal agents. To verify it is a gall due to insects or mites, carefully open the gall to look for the causal organism. For insect collection and preservation, see Chapter 3.
Needle mining
Description: The insect larvae eat the inner tissues of the needles, leaving the exterior untouched. Possible damaging agents: Insects: Larvae of Lepidoptera (Yponomeutidae, Coleophoridae: Figs. 11.6.1 -11.6.3) and Coleoptera, particularly Curculionidae (Fig. 11.6.4) . 
Additional information:
In some cases, mines could be confused with needle necrosis caused by fungal agents. To distinguish between damage due to such agents search carefully for a hole on the surface or open the affected tissue to look for larvae. Soft needles (e.g., Larix sp.) damaged by leaf mining arthropods can also be deformed. For insect collection and preservation, see Chapter 3.
Needle coverings
Description: Presence of honeydew, wax or other coverings on needles. Honeydew occurs like a glossy sticky matter on one or both sides of the needles. Woolly adelgids give the needles a whitish, woolly, covering. Algae produce greenish covering. Possible damaging agents: Insects: Hemiptera, especially Cercopidae aphids (Aphididae) may produce honeydew. A woolly appearance may result from secretion by hemipteran insects: aphids Aphididae (adelgids, Adelgidae: Figs. 11.7.1, 11.7.2), scales (Coccoidae, Diaspididae: Fig. 11 .7.3) and cicadas (Cicadoidea). Greenish covering may be produced by green algae from the division Chlorophyta (Fig. 11 .7.4). Additional information: In some cases, these signs could be confused with needle rust, see section 11.10. For insect collection and preservation, see Chapter 3.
Froth and spittle
Description: Presence of moist balls of bubbles or foam on needles. Possible damaging agents: Insects: Hemiptera, especially Cercopidae (Froghoppers and Spittlebugs: Figs. 11.8.1 ̶ 11.8.4). 
Additional information:
The foam is not actually spittle because it comes from the anus of the insects. It protects the nymph (larva) from natural enemies and dehydration, and allows for feeding (sucking sap from phloem). For insect collection and preservation, see Chapter 3.
Needle cast
Description: Needle cast is caused by various fungi. Damaged needles typically turn yellow or brown with characteristic dark fungal fruiting structures. Often needles are shed prematurely, giving the tree a sparse appearance. Often the only needles remaining are the current season's new growth, but there are fungi which result in current season needle necrosis and subsequent needle loss. Affected trees lose their aesthetic value and may look like they are dying. Possible damaging agents: Fungi: Ascomycota (Rhytismatales, Pleosporales, Helotiales, Capnodiales: Figs. 11.9.1 -11.9.6). 
Rust diseases
Description: Needle rust is a disease affecting a variety of conifer species. It mostly causes yellowish spotting and banding on the needles, but in some cases can cause severe premature defoliation. Needle rust can be easily identified by orange spore masses that erupt from infected needles during the growing season. Rust can also cause malformation and reduce growth of conifer trees when it occurs on new needles of emerging shoots. Possible damaging agents: Fungi: Rust fungi belonging to the Basidiomycota (Pucciniales, Uredinales: Figs. 11.10.1 -11.10.6). Additional information: Rust fungi represent some of the most complicated fungal species known. They are categorised by their lifecycles, spore colors, primary or alternate hosts, or the types of symptoms they cause. For fungal collection and preservation, see Chapter 4.
Needle blight
Description: Needle blight is a general term to describe sudden death or severe disease of conifer foliage. The dieback usually starts at the tip of the needle and may be brown, red, or grey in color. The disease is caused by various fungi that infect and kill (blight) the needles of all ages of a variety of conifer hosts. Usually it starts on the lower branches and moves up the tree. It is most damaging on small trees, but over time can retard growth and weaken mature trees. Continued annual infection by one or more needle blight and/or needle cast fungi can eventually kill even older trees. Possible damaging agents: Fungi: Needle blight fungi belong to the Ascomycota (Helotiales, Rhytismatales, Capnodiales, Phacidiales, Botryosphaeriales, Dothideales: Figs. 11.11.1 -11.11.6). Additional information: Symptoms of needle blight may also be confused with other pathogen infection, as for example, needle cast (see section 11.9), needle mining by insects (section 11.6) or abiotic damage (section 11.15). For fungal collection and preservation, see Chapter 4.
Needle webbing
Description: A fine webbing covering groups of needles. Tiny insects can be seen under or in the web. Infested needles may lose their color and drop prematurely, often in a very short period. Possible damaging agents: Mites: especially spider mites (Acari: Tetranychidae: Figs. 11.12.1 -11.12.2). 
Needle clustering
Description: Needles are clustered with silk threads (caused by arthropods). Clusters of needles with brownish to black felt (mycelia) may be caused by needle blight diseases. Possible damaging agents: Insects: Larvae of Lepidoptera, especially Tortricidae (Figs. 11.13.1, 11 .13.2), Geometridae; Fungi: Ascomycota (Pleosporales, Helotiales: Figs. 11.13.3, 11.13.4) . 
Additional information:
To distinguish arthropod damage from fungal damage, check for the presence of silk at the entrance of the needle cluster and of a larva inside the cluster. For insect and fungal collection and preservation, see Chapters 3 and 4.
Nesting
Description: Nests (or tents) are the constructions made of needles spun together by silk secreted from insect glands. Larvae feed in nests and can disperse and build new nests. Usually many larvae are present inside such constructions but some species are solitary. Possible damaging agents: Insects: Larvae of Lepidoptera (Figs. 11. 14.1 -11.14.3), Hymenoptera (Fig. 11.14.4) . Fig. 11 .14.1. Red pine (Pinus resinosa) with the nest of pine webworm (Lepidoptera, Pyralidae: Pococera robustella). USA, SK. 
Additional information:
In some cases, nests are well seen even from some distance. If there is visible damage on needles (partially or completely eaten needles), check for the presence of silk, nest or a group of needles that can be spun into nests. The larvae usually feed inside or outside of the nests. Also they may disperse and build new nests on the same or neighbour tree. For insect collection and preservation, see Chapter 3.
Abiotic factors
Description: Large variations in needle damage occur due to abiotic factors. These are detailed below. Possible causes of damage: Drought: Premature browning and shedding of needles. Affected needles generally get brown in all species except larch. On larch, foliage turns yellow. As drought progresses, trees will shed older needles, usually on the lower crown. Other symptoms include:
• Stunted needles. Damage is a result of growth reduction.
• Browning of needle tips.
• Crown dieback. With well advanced drought conditions, foliage discoloration and needle death become more pronounced and tip dieback may be seen. Older trees exhibit symptoms from the top down and from the outside inward. Frost: Death of foliage, buds and shoots. Frost damage typically occurs on the current year's foliage, especially on the terminal leader and on laterals that are directly exposed to the cold (Fig. 11 .15.1). After a frost, symptoms are visible within a few days of frost incidence when foliage becomes limp and fades to yellow. After approximately one week, killed buds turn dark brown and soft. Affected foliage of the branch tips becomes red-brown and limp. These symptoms are often most apparent in the upper crown of smaller trees on the emerging succulent foliage. Winter drying: Discoloration, death of foliage and opened buds. All conifer species of all ages are susceptible. Trees are discoloured reddish brown over large areas. When viewed from a distance, such areas form bands (a red belt) with clear upper and lower vertical limits. This pattern is seen along slopes in valleys and mountainous areas. Red belt may occur when trees in frozen ground are exposed to abrupt warm, drying winds and then a rapid drop in temperature. Foliage and exposed buds lose moisture. As a result, foliage and buds discolour but remain undistorted. Dead buds become soft over time. Nutrient deficiency: Yellowing, chlorosis, and necrosis of needles. Nutrient deficiency symptoms include overall loss of vigor, reduced shoot growth, general yellowing (chlorosis) of the needles (Fig. 11.15 .2), interveinal chlorosis, marginal necrosis; and in severe cases, total needle necrosis. Nutrient problems rarely kill plants outright, but proper nutrient management is essential for optimizing growth and maintaining high quality plants. Fluctuations in soil pH: Chlorosis of needles, burn, and death. It is generally accepted that the optimal pH for plant growth and the availability of a broad spectrum of nutrients is between 5.5 and 6.5. As pH drops below or rises above this range, the solubility of nutrient elements may become limiting or toxic. Additional information: Drought damage can be difficult to diagnose as the symptoms are similar to those caused by, and predisposed to, pathogens and insects. Frost injury results from extraordinarily cold temperatures that can happen in the late spring or early fall. Injury in mid-winter is less frequent because tree tissues are often resistant to low temperatures. Spring frost foliar injury is especially common in conifers. Needles in exposed areas or on one side of the tree are killed when they experience warm weather, and hence lose their cold tolerance. Young, newer foliage is often more sensitive to this injury than older foliage. Winter drying may be confused with drought. A distinguishing feature of red belt when it occurs on slopes is the distinct banding. Most nutrient problems are related to nutrient deficiencies, although nutrient toxicities may occur. The extent and nature of nutrient deficiencies can depend on various factors, including soil type or media in production systems, site conditions in the landscape and the plant. Knowing the pH of soils and container media is essential for maintaining adequate growth and development as well as for diagnosing abiotic disorders.
